Purpose: Several studies have suggested that liquid exosomes can be used as biomarkers for the diagnosis of lung cancer (LC). The purpose of this meta-analysis was to investigate the comprehensive diagnostic value of liquid exosomes for LC. Materials and methods: Relevant studies were searched from multiple electronic databases. The quality of the studies was assessed by the Quality Assessment of Diagnostic Accuracy Studies-2 criteria in RevMan 5.3 software. Stata 14.0 software and Meta-disc 1.4 software were used to synthesize the diagnostic parameters. Publication bias was judged according to the Deeks' funnel plot asymmetry test. Results: There were 13 eligible articles that comprised 1,338 LC patients and 1,075 paired controls for the meta-analysis. The pooled sensitivity (SEN), specificity (SPE), diagnostic likelihood ratio positive (DLR+), diagnostic likelihood ratio negative (DLR-), diagnostic OR (DOR), and area under the curve (AUC) of liquid exosomes in diagnosing LC were 0.82 (95% CI: 0.76-0.87), 0.84 (95% CI: 0.77-0.89), 5.27 (95% CI: 3.58-7.75), 0.21 (95% CI: 0.15-0.29), 25.14 (95% CI: 14.25-44.33), and 0.90 (95% CI: 0.87-0.92), respectively. Research based on serum, miRNA, the isolation kit method, one index in exosomes, patient sample size of 50 or greater, and control group size of 50 or greater obtained higher AUC values when the LC type was small cell lung cancer. Conclusion: Liquid exosomes have shown potential as novel biomarkers that could facilitate LC diagnosis. Further prospective studies are still needed to confirm the diagnostic value of liquid exosomes. Keywords: lung neoplasm, liquid, exosomes, diagnosis, meta-analysis
Introduction
Lung cancer (LC) is one of the main malignant tumors that threatens human health worldwide, and it is a leading cause of morbidity and mortality. 1 Clinically, LC is usually diagnosed by tissue biopsy, which is the gold standard for diagnosis. 2 However, tissue biopsy is invasive, and it cannot be used as a routine method for outpatient and physical examination screening. 3 Recently, low-dose spiral computed tomography has been used as a tool to screen high-risk groups for LC; it has achieved certain successes, 4 but its false-positive rate and requirements for technicians pose substantial limitations. 5 At the same time, liquid biopsy technology emerged, offering an alternative to historical diagnostic tools. Exosomes are cell-derived vesicles with diameters of 30-100 nm. They can be detected from various body fluids, including plasma, serum, saliva, urine, pleural effusion, cerebrospinal fluid, and semen. 6 By detecting and analyzing the contents of tumor-derived exosomes, relevant information of tumor cells can be obtained. This method is expected to become a novel and effective diagnostic approach.
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Today, research of exosomes is quite popular, and studies regarding their application in LC diagnosis have been conducted in China as well as in other countries. 10 However, the small sample size of each study limits the value of this research. High-quality evidence-based medical research is lacking, as well. In order to evaluate the diagnostic value of liquid exosomes for LC diagnosis, we collected published literatures and conducted a meta-analysis with an aim to promote the development of novel biomarkers for LC at the liquid biopsy level.
Materials and methods literature search
We referred to the PRISMA criteria to guide the implementation of this meta-analysis. 11 Literature searches were conducted in PubMed, EMBASE, Cochrane Library, Web of Science, China National Knowledge Infrastructure, Wanfang databases, and VIP Journal Integration on Platform through July 22, 2018, with language restricted to English or Chinese. The key terms applied for the electronic databases were: ("lung" or "pulmonary" or "pulmonic" or "pneumonic" or "pneumal") and ("cancer" or "carcinoma" or "carcinomata" or "tumor" or "tumour" or "neoplasm") and ("exosomes" or "exosome") and ("diagnosis" or "diagnose"). In order to avoid missing related articles, an additional manual search was performed using the reference lists of relevant studies. The literature search was performed independently by two investigators and, in case of discordance, the search was compared to that of an additional investigator.
selection of studies
Studies that met the following criteria were included in this study: 1) included all types of LC patients; 2) included patients with benign lung disease, healthy volunteers, or a population with a relevant negative maker as a control group; 3) evaluated a liquid sample type; 4) included relevant data about the diagnostic accuracy of exosomes for LC; and 5) provided 2×2 contingency tables that could be directly extracted or calculated from the reviewed literatures.
The following studies were excluded: 1) duplicate literatures; 2) articles with insufficient data; 3) animal studies, reviews, meta-analysis, letters, or expert opinions; 4) articles not related to exosomes or LC; and 5) articles not related to diagnostic value.
Data extraction
We extracted true-positive, false-positive, false-negative, and true-negative values from the diagnostic studies. When the data were unavailable, we used pooled sensitivities (SENs) and pooled specificities (SPEs) to calculate these data and completed the 2×2 tables. The first author, year of publication, research country, sample type, experimental method used for exosome isolation, type of exosome content, content number, type of LC, type of control group, and sample size were also recorded from the included studies. We contacted the authors to verify specifications when there were inconsistencies.
Quality assessment
The quality of the included literature was evaluated by Quality Assessment of Diagnosis Accuracy Studies (QUADAS)-2 criteria in RevMan 5.3 software. 12 The QUADAS-2 tool is composed of four key domains: patient selection, index test, reference standard, and flow and timing. It includes 14 questions: the answer of risk for bias was rated as "no", "yes", or "unclear", which corresponded to scores of -1, 1, and 0, respectively, and the applicability concerns were judged as "low concern", "high concern", or "unclear concern". We eliminated the included studies with low quality. The quality of the literature was assessed by two investigators independently, and, in case of discordance, the conclusions were compared to that of an additional investigator.
statistical analysis
Statistical analysis was conducted by Stata (version 14.0; Stata Corporation, College Station, TX, USA) and Meta-disc (version 1.4; XI Cochrane Colloquium, Barcelona, Spain) software. A bivariate random effects regression model was applied to calculate several primary outcomes, including pooled SEN, SPE, diagnostic likelihood ratio positive (DLR+), diagnostic likelihood ratio negative (DLR-), and diagnostic OR (DOR) with corresponding 95% CIs. 13 The summary receiver operator characteristic (SROC) curve was plotted and the pooled area under the curve (AUC) value was calculated. 14 Cochran's Q test and Higgin's I 2 statistic were used to examine heterogeneity: 15 an I 2 . 50% indicated significant heterogeneity between the studies. To explore the heterogeneity, Spearman's correlation coefficient and the P-value of Moss model b(1) were calculated to determine whether there was a threshold effect. Meta-regression and subgroup analysis were used to explore the potential sources of heterogeneity. Deeks' funnel plot asymmetry test was used to assess publication bias. An unequal distribution in the visual funnel plot or a P-value of ,0.05 was considered to indicate statistically significant bias. 16 OncoTargets and Therapy 2019:12 submit your manuscript | www.dovepress.com
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Results
characteristics and quality of the included studies
The selection procedure is presented schematically in Figure 1 . We identified 877 potentially relevant articles from the online databases according to the established search criteria and the references of the determined literatures. Of these, 864 studies were excluded for the following reasons: duplicate papers (n=147), review papers (n=200), irrelevant contents (n=455), basic research (n=54), and meta-analysis (n=8). Finally, 13 articles [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] that conformed to the criteria were selected and used for statistical analysis.
study characteristics and quality assessments 17, 18 Additionally, the specimen types were serum in 13 studies 23, 26, 28, 29 and plasma in 12 studies. [17] [18] [19] [20] [21] [22] 24, 25, 27 Publication languages were restricted to English and Chinese.
The outcomes of the QUADAS-2 study quality assessment are shown in Figure 2 . The majority of all included studies in this meta-analysis fulfilled most items in QUADAS-2, indicating that the quality of the included studies was generally good. Table 1 lists the QUADAS score for each study. heterogeneity Spearman's correlation coefficients and the P-value of Moss model b(1) were used to evaluate heterogeneity from the threshold effect, and Cochran's Q and I 2 tests were used to assess heterogeneity generated by the nonthreshold effect. In our analysis, the Spearman's correlation coefficient was 0.071 (P=0.735) and the P-value of Moss model b(1) was 
Diagnostic performance
The forest plots of pooled SEN and SPE are shown in Figure 3 . The pooled SEN of the 25 studies was 0.82 (95% CI: 0.76-0.87) and the pooled SPE was 0.84 (95% CI: 0.77-0.89). The forest plots of DLR+ and DLR-are shown in Figure 4 . The pooled DLR+ and DLR-were 5.27 (95% CI: 3.58-7.75) and 0.21 (95% CI: 0.15-0.29), respectively. Figure 5 shows the DOR was 25.14 (95% CI: 14.25-44.33), and Figure 6 shows that the AUC was 0.90 (95% CI: 0.87-0.92). These findings demonstrate that liquid exosomes have an overall high diagnostic efficacy for LC.
Meta-regression and subgroup analysis
Meta-regression and subgroup analysis were performed to explore potential heterogeneity. Research country (China or not), isolation method 1 (isolation kit or not), isolation method 2 (ultracentrifugation or not), isolation method 3 (magnetic beads or not), sample type (plasma or not), type of exosome content 1 (miRNA or not), type of exosome content 2 (protein or not), type of exosome content 3 (lipids or not), content number (many or not), patient size (,50 or not), control size (,50 or not), and QUADAS score (,2 or not) were used as covariates in the meta-regression. As shown in Figure 7 , research country, sample type, isolation method 2, type of exosome content 2, type of exosome content 3, content number, patient size, and control size had P-values ,0.05, indicating that these reasons were likely the sources of heterogeneity in SEN. Furthermore, sample type, isolation method 2, type of exosome content 2, type of exosome content 3, content number, and QUADAS score had P-values ,0.05, meaning that these factors were likely the sources of heterogeneity in SPE.
Subgroup analysis was performed using the platform of Meta-disc 1.4 software. Seven characteristics (sample type, experimental method used for exosome isolation, type of exosome content, content number, patient size, control size, and type of LC) were considered. As shown in Table 3 , we found differences between plasma-based and serum-based analyses: SEN (0.75 vs 0.84), DLR+ (3.61 vs 4.75), DOR (15.57 vs 31.29), and AUC (0.8696 vs 0.9172) were significantly higher in serum, providing additional support for the use of serum to evaluate relatively reliable diagnostic biomarkers. Using different experimental methods to isolate exosomes showed different results; isolation kit seemed to be the optimal method because of its high SEN, SPE, and AUC, which were 0.85, 0.89, and 0.9413, respectively. Since there was only one study that used the magnetic beads method, the results shown in Table 3 came directly from the study. In the meta-analysis based on miRNA, one index in exosome, patient size of 50 or higher, and control size of 50 or higher had higher AUC values of 0.9404, 0.9252, 0.9101, and 0.9241, respectively. Moreover, the analysis of the type of LC suggested that liquid exosomes had a strong ability to diagnose small cell LC with SEN, SPE, and AUC of 0.83 (95% CI: 0.67-0.94), 0.95 (95% CI: 0.83-0.99) and 0.9518, respectively. 
Publication bias
Deeks' funnel plot asymmetry test was performed to evaluate publication bias. As shown in Figure 8 , the P-value was 0.10, which is .0.05, indicating that no significant publication bias was found among these studies.
Discussion
Screening for LC is particularly important due to its high incidence and low survival rates. 1, 30 However, affordable, repeatable, stable, and precise detection methods are not available. 22 Although liquid exosomes might have a high diagnostic value, they are less reliable and less consistent than other diagnostic tools for the detection of different sample types and contents in exosomes. 19, 21, 28, 31 In order to examine the reported diagnostic efficacy of liquid exosomes in LC and to evaluate whether they could be rated as additional molecular markers to aid in LC diagnosis, we conducted a meta-analysis to define the overall diagnostic accuracy of liquid exosomes in LC.
In all, 25 studies conducted from 2013 to 2018 that involved a total of 2,413 patients (1,338 LC patients and 1,075 controls) were included in this meta-analysis. AUC is widely recognized as a useful index for evaluating the accuracy of diagnostic tests. If AUC is .0.9, the diagnostic value is considered to be high. The ideal position, which is indicative of a perfect test, is near the upper-left corner in an SROC curve. In our analysis, the SROC curve had an AUC of 0.90, which indicated that liquid exosomes could be a powerful biomarker for LC detection. The pooled SEN and SPE values for all the studies were 0.82 and 0.84, respectively. DOR, a comprehensive evaluation index in diagnostic tests, was used to investigate multiple relationships between chances of obtaining positive and negative results. The pooled DOR was 25.14, indicating that liquid exosomes could be a useful diagnostic biomarker for LC. Overall, our results from liquid exosomes in LC detection demonstrate that, as diagnostic biomarkers, they are promising candidates with high overall accuracy.
We used meta-regression and subgroup analysis to explore the heterogeneity among studies. First, we performed meta-regression, and we considered 12 covariates (research country, sample type, using isolation kit to isolate exosomes, using ultracentrifugation to isolate exosomes, using magnetic beads to isolate exosomes, miRNA as the exosome content, protein as the exosome content, lipids as the exosome content, content number, patient size, control size, and QUADAS-2 score). On the basis of our results, different sample types, experimental methods used for exosome isolation, and content number were responsible for the homogeneity of both 
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song et al SEN and SPE. Second, we used subgroup analysis to further explore the heterogeneity. Seven characteristics (sample type, experimental method used for exosome isolation, type of exosome content, content number, patient size, control size, and type of LC) were considered.
Although pooled SEN, DLR+, DOR, and AUC of serum were significantly higher than the same measurements in plasma, the SPE of plasma was higher than the SPE of serum. It is possible that the sample differences caused the differences in diagnostic performance of the liquid exosome 
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The diagnostic accuracy of liquid exosomes for lung cancer detection Figure 6 The srOc of the liquid exosomes test for the diagnosis of lc. Abbreviations: aUc, area under the curve; lc, lung cancer; sens, sensitivity; SPEC, specificity; SROC, summary receiver operator characteristic.
RNAs, and a single miRNA can regulate the expressions of thousands of genes and participate in the regulation of the entire cell cycle. Since the circulating miRNAs in serum was first reported, 34 growing interest has been focused on the feasibility of circulating miRNAs as potential biomarkers in LC diagnosis. They have a promising future as a novel class diagnostic due to their remarkable stability, relative ease of detectability, and convenience for measuring its SEN and SPE. 35 The diagnostic value and mechanism of miRNAs in exosomes require more in-depth research.
When the content number equaled one, the SEN, SPE, and AUC were better than they were for multiple indicators. It is widely accepted that using a single index in exosomes as disease fingerprints is simpler and more straightforward than comprehensively detecting panels, which was proved in our analysis. Because most included studies were detecting one index (17 vs 8), the sample size of the population studying one index is larger than the sample size of other index detection methods. This may be why one-index detection showed better results.
This meta-analysis has several limitations that require consideration. First, we may have exaggerated the relative risk because the pooled results are based on only 13 included articles with relatively small sample sizes. This may influence a variety of confounding factors for the final results. Further, samples were tested at different points in time. Although miRNAs are stable in serum and plasma, results may have been altered due to testing at different times and under varied conditions. There is no consensus regarding the internal control of normalization for exosome miRNA quantification. In addition, although almost all the control groups were composed of cancer-free patients, inclusion criteria and baseline data for these groups varied among different studies. Unfortunately, there are no qualified articles regarding other kinds of sample types. The incidence of LC in males and females may vary, and these factors were not considered in our meta-analysis. Second, any relevant articles that have not yet been published online might be missing. We extracted data from English and Chinese language studies only, and this could also have influenced our results. Third, due to the significant heterogeneity, we could only roughly estimate the value of liquid exosomes in LC diagnosis. In order to fully explore their potential clinical value, more research is needed to assess the diagnostic accuracy of liquid exosomes in different specimens, types, and stages of LC. Finally, publication bias is possible, even if a comprehensive and systematic search of literature was completed.
detection. McDonald et al
32 demonstrated that, compared to serum, miRNA concentrations were higher in plasma, and sample types were critical factors in investigating the utility of circulating miRNAs as biomarkers. However, the origin of source-related differences in exosomes is still unclear and might be explained by an unknown mechanism. Additionally, extracellular vesicles released by activated platelets may affect the purity level when isolating exosomes from the serum. 33 The presence of anticoagulant in plasma may also affect subsequent experimental results. There is no consensus regarding whether plasma or serum is preferable as a sample. The results of our analysis suggested that we should explore and study how the different sample types influence exosome levels, and large-scale investigations are needed to determine whether the source-related differences truly exist or not.
The studies in this meta-analysis used three different methods to isolate exosomes. Evidence supports that the isolation kit method obtains superior diagnostic values, but we cannot verify this theory. Since most included studies used this method, the sample size of the isolation kit method is larger than that of other methods. Perhaps this is the reason why the isolation kit method showed better results.
Clearly, the SEN, SPE, and AUC are high when the exosome content is miRNA. MiRNAs are short, noncoding Specificity (95% CI) 1 .00 Figure 7 Forest plot of covariates' meta-regression. Note: *P,0.05, **P,0.01, ***P,0.001. 
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Conclusion
Overall, our quantitative meta-analysis found that liquid exosomes had high diagnostic value for LC, and we confirmed the diagnostic efficacy of liquid exosome signatures as promising biomarkers for LC detection. However, sample type, experimental method used for exosome isolation, type of exosome content, content number, sample size, and type of LC were associated with different results. Therefore, further studies on the diagnostic performance of liquid exosomes in LC are warranted. 
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